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A=k(3^53>^^7 h*— )l&\tUtt>\ZT a, TaN, Ta/TaN, T i N, WN^C 
A*'J7/^;H (H^-Brf) fdcfcOS-p/c^, CuHoiflcIt:«kO**i, $e>('MfB 
AffllftRIRl 4±©i#:I$CMPSIl < ti9iit5Ii:llJ:lp. H 6 F IC^-T «t 5 

->2 o^t#e.n-5o 

[0 0 6 2] 

H«lf2Sffi«fi«fill 4 tlTH FK-^S i0 2l, S i OH^<Z)HSQjIi, 

^HSr^aO^MSbVio fi£#«fcD&:fonTV>S, CVD-Si02l^SOG 

mlsB^^^Ml 4<hLT^acii: ! bnr^T^^„ Lt^U ^fCHuffijgp H 1*&it§l 1 

So 

[0 0 6 3] 

^H^J(C*3V^TmJfBS i NCH12 3 ttffi8Ef£V>ifc»m$s<!:, ffinfcS^tS, $ 
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m 3 mmmi 

[0 0 6 4] 

1 6&cktfS i NCH12 5, 2 7 £#AnLT^£„ S iSfil O±0Wgil 11 
\ZBJ$.2ntc%mm 1 2±\Z. S iNCHl23, I«I14, S iNCH!25, 

mmmmmi 6&j;tf s i nch12 7 mtzmmm 
(Dmmm^mm\z, mmu^x bmn^i 8,a«, &mmkM^\zm&Lvtz^n>?>7 

h*-)\s\ZttfoVT^Z> 0 
[0 0 6 5] 

^{3^5 B0X@{^*3ViT> £-fmjfES i NCH12 7 ^mflEl/vX h/1^-> 1 8 £t 
[0 0 6 6] 

^nf;lf«I16^H^Iyf^L, MSBjPF^^IIil 6 4^ ^OT©S i 
NCHI2 5&m&-? Z><k?\Z, huSBI/^X h^PgUl 8 A\znfoVfcmn^$:Wtf&-$-Z> 

0 $e»{'MHBRtB$nfeS i NCHJK2 5^*fLTH^-f X^^>^^ffV^ ^-<£>T<£>jg 

mmmrni 4£8m-r&m§pa&£, mmuvxhrnnBi saii^ltm^. 

[0 0 6 7] 

a zizmmmmztifcmmmmmi 4\zMLx^^-iJiy^>^^m\ mnm-i 4A£ 

jfcStlfcWPfi&l 4 Att, MSBS i NCHJHI2 7, HfWl6i $6CS iNCHl 

2 5*«k^sra»»mi 4*nmvTmtEL. mibs i nchi2 3 ^jgg&Ki&nTsm 

[0 0 6 8] 

C^lHt^^TMIBI/v 5 ;*. Ml 8£0££U HI 5 B <Dffim±\Zffitz\Z 
Ml 9^, miWT, hUl 9^H«rfBMPgPl 4A£H#>S«J;5K:^jU ISI5D<DX 
*§K*5^Tmii!Bl/>?X MJUl 9^7* b U V^7^ -ffiKJ; 9/\°^-->^U itufS^ 
PSB^^^^^^LfcVigBM^^bfcl/^X hP^Pagl 9 A*BUH3l/>?X Ml 9 

[0 0 6 9] 

^t30 5 E^IgtC&^TjtfJfEl/vX hfHiPgBl 9 A tl/!: Ml9J:0^ 

%>W7s Vn9 — y%:^7,Z>\Z, MlBl^vX hlUlPg&l 9 A^i D^ffi^nfc S i NCH 
12 7 fcMbT H^-rx^^>y^ff V>> iiufBRaj^tl/cS i NCHI2 7 4^ HtrlBl/ 

vxhuipgBi 9 A{zftmi>tcmnffi&. mmmmmi %^v^>^mms \ nch 
b£2 5^stb-r^cto^^-r^o ^et-MtBuvx h/\°^-> 1 9 ^its^tt, 
MtBpr H im«i 6»f k> mmuvxhmnmi 9A\zttm\sfz. -rtsLtt&mmmmm 
*\zBmvrc^nmm\zttfoi,t£Mnffli e AzmrfL-rz. 

[0 0 7 0] 

WfB^P^l 6 A^^-TS K^Xy^^teMfSS 1NCHI2 5«Lfc^T 
^lfrs*<» u©iT8ffiUcS i NCHJ8S2 7, 2 543cfctf 2 3 £Rfc£U 

1 6 A*5«fctfl 4 A£Cu#©»#Hfc«fcD&#T&££fc<fceh fttcEU FTiB9il/& 

[0 0 7 1] 

#flg»JK:fe^T^ MfBSHQlftlMRl 4*5<fctfl 6 t. LT, FH-^S 1O2E Si 



(14) 



JP 2004-507108 A 2004.3.4 



oHf©HSQE &zwz&?inmm<Dm®imnmmmm* »5^tttis'oc & 
mmm-ziz. ±^ummwi&Tv. z\n\z&r)¥m{tmw<DW}ftmm&fa±-r2>o 

[0 0 7 2] ' 

*mmmiz&^Tib. wies i nchi2 3, 2 5, 2 7&mm&^tt:mmmti. mntc 
®m&. \z.mntz \ t ?'(jLv^>>/m&<D®„ c u\zm-? z>mnfzfommmftm&& 

m6A~6Ete, *mn<Dm4mmM\z£z¥mfcmm<DmjgxM&9f;'r 0 tzfcvm^. 
9c\zmwLtcffift\z\zm~(Dmmm^&tfv. mmz^mtZo 

[0 0 7 3] 

iu6 A*mm?z>\z, uoig«5t©0 5 A(Di:m£nm.m\zmc-v$>K)* s iMio 
±(Dmmmmmi 1 ±\zm^ntcm^m 1 2±n, s i nchi2 3, jBfflj&ftBgi 4 

, SiNCH!2 5, Sffllft«I!ll 6*«ktXS i NCHM2 7&«»Lfc«^©aJi«|jfi 

mmizttmLfrUzsx mm pas 2 sA^tni/yx bn#—>2 s^M^nt^s, 

[0 0 7 4] 

#K|2|6 BcDMK&HT, ^-THtilBS i NCHH2 7 ^MfBUv'X h/1^->2 8 £V 
X^KK^-f x>y?>^U MfBl^X MH3PSB2 8 AKMJSbfclHiPgB ' (HjjcB"**) & 

OTOS i NCH12 5^®aj-r-5ck^fC, WE US'* h HSPS&2 8 AHM^lfc, "Tfr 
fe^^Lfev^BB^SHd^bfellP^l 6AMt5„ 
[0 0 7 5] 

wzms coiskuj^twei'S'* bm2 8&i$su meB(Dmm±\zmrz\zu^^ 

M2 9$, h!2 9^miia^Pg|5l 6 A&MtbZ>ZLO\zmMV. 

JIK&HTittjfBl/vX M2 9^7^ h'jy^77^-Sl:i;0/^-->^L 1 itufB^ 

[0 0 7 6] 

^Ci6 EOIgfc^TfflrEl^X MWP8&2 9A«$tlfcl/^ M&2 9«kD& 
5l/^h/^->*^^l:. WISlxvX MlPg&2 9 AKJ;D^m£tlfcS iOCH 
IK2 5K#LTF5-fXy3 1 >#£f?V^ WaB«fflStlfcS'l NCHK2 5^, MSBl/ 
vXMHlng&2 9 AK*#jfcLfcMPg&£, ^©T^SraifejaBt 1 4^aT-5J:^f3^ 
"TS. S^l:if2W^h/^->2 9*HSim iWES i NCHH2 7*5«J;a?2 5 

h^-^l^J&Lfc&iiPg&l 4 A^MtS. 
[0 0 7 7] 

WIB^P^l 4A&BJ&-t2> K^-f Xy^>^ttffiES i NCH12 3^iffiLfc^l? 
f?±-TS*«, CKD^T^ttibfeS i NCHI2 7, 2 5*5^2 3^1, FMjfBUflPgB 
1 6AM^1 4A*Cu^©#MlCj:D^S«[-rS^<!:JC«fcD, *l:0 6 FTlKWbfc 

[0 0 7 8] 

*mmm\z&\,*Tb* mmmmmmi 4&£ui 6tvx, f h-^s 1021. si 
oHtcHSQE &z^\z&jinmm<Dmm&mmmmmm. &&v>«w$ssog, $> 

[0 0 7 9] 
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^HJSWc&^TfcmJfES i NCH12 3, 2 5, 2 7 ttffiKteV>Jt»i*sp£, mntz® 
[0 0 8 0] 

0 7A*#it5l:, WfHS iSfil OXcDJlfU^iMl lXK^^ttfcEliUl 1 2_h 
fctti S i NCHI2 3, mmmmmi 4&J;tKS i NCH12 5&m$&8Li£tlX&Q 
. a&fcflMBS i NCHI2 5±fcttffllE^JiE*«Kfi»f»fc:»j«bfcv»=i>^^ 
K:»*LfcU'^X lA^f.t51/yXhA^->4 l^M^ntt^o 

[0 0 8 1] 

MIBl/v^X h HP SB 4 lAfc*ViTttffiHHS INCHI2 5 #*®aj£nT;fe (X MfBgai 
S*l£S i NCHJBI2 5tth , 7'fl^5 1 >m^ MlBl^T. hHPg&4 1 

A»djt*^LTPBPBR2 5A*iMStl5. 
[0 0 8 2] 

m 7 B ©IgTEu $e>('tufBS i NCHI2 5 Xl'itugBliii Pg& 2 5 A J: 5 KJg 
ffllfiflHKl 6**«l/. $^llif2TOill 6JbfcS INCHI2 7 fciftSTTS. 
[0 0 8 3] 

ifcfcl2I7COXg^*5V>TMIBS iNCHl2 7±tl/>?XMi42^i^L 1 $e>f^EI 
7DOIigfC*5ViTMtai/> ? X M4 2£:7* h U V ^ 5 ^ —Mfc J: D >7 
U waa^SEi»IP|ji^»c:^Lfct»E«flt^iSL>tliPaJ4 2A*Mt5. 
[0 0 8 4] 

£SK:g|7 EcDXHl'&^TMfBl/vX hflH4 2 £^X^t:X ffigBPflPglU 2 At «fc 
WStlfcS iNCHl2 7*H7-fX.y5 1 >^L ) ^.©TOSraififidBI 1 6 **tfj-rs. 
[0 0 8 5] 

^t, mmmmmmmi 6&\*5'{jiyr>->rr2>z\ii\z£r)^ mmmmmmmi 6*\z 

. ifflSBl/v'X hMPgU4 2 A«lfc, -r^^^^Lfc^BB^jtfC^b^^PSBl 
6A^M$tl§. MlBSra*6^1 6<OIyf>^iiiBS i NCH12 5**^5*1 
T^SS54)-ett, WlBS i NCHI2 5 <Dmm£.mmz&!tTZ>ft. 12 5^fcMEIBP 
5A^M^nt^5^H K7-fXy3=->yttffiiBB!PfiB2 5A5IoTf0 
TOIWill 4tt:«Ab > ^-O^MtBSTOabM 1 4*fciffl8Bil!PSB2 5Afc*f 
Jfobfc, t-^^W»B^SB^M4>fc^Ufc^n>^^ h*-;Wc:ttJfcLfcWPgB 1 
4A«S*15. 
[0 0 8 6] 

fflEWlPSBl 4 A^fi^S ^'flvf^^iiiBS i NCH12 3 #*Sffi bfcB#^"C 
WfctZtf. Z-fDWiTMitilsfcS i NCH12 7, 2 5*J;tf2 3SIISU WIB^PgP 

1 6 A^3=tr>'l 4A$CufffliftIilJ:D»5^illJ;D > ifcl:0 6 F "TIB 91 Life 
#JiEtft«|jft*<f§^n*. 

[0 0 8 7] 

*^»Wl:*^Tfe, WESW*fi«Kl 4*5«fcOtl 6 tLT» FH-^Si0 2E Si 
OHfCHSQE *SVitt^?LHIS^<04S«igK«spiie8dK, *^WtiSOG> * 

mmmxit. £{tmtzmmm&&Tv. z\n\zj:o^mi^mwi(owi^mm^±-r^o 

[0 0 8 8] 

*mmm\z&^Th, mms i nchi2 3, 25, 2 7\tm^itmmmt, mnrcmm 
mm^<Dmm\zm\zfffu&x$>z>o 
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m 6 mmm 

ia8A~8E«, v^t^^^^x^-KA-Hx'x^^^^fc, *mw<Dm6nmm\z£ 

[0 0 8 9] 

&mMMi?\zmzmw*?— > 1 2 A&^tfm&m 1 2±ts i nchi2 3, js^^ 
mi 4, siNCHM2 5, mr$mmmi6, ts^zts m cum 2 7 •t)m<Dmmmtim 
mizMfrmmzn, zzizmms iNCHi2 7±cs 1 021&4 s^xtcvd^ 

(CctO, &§^«Xfcf>n-7V >^l:,kOM$n 4 MI2S i O2I4 3±Kte, #J|. 

X MiHl 8*^fiJ£Sn*, MI2S i NCHJH2 7*5J:tf S i 0214 3 tt % V>fc>i$>£^7 
X*- HA- K^X^^^^-T^o 
[0 0 9 0] 

121 8 A0IgT(l 3 5 £8982 S i O 2 1814 3K*fbTU-vX hMl 8^7Xi'tlTF 
^<Xy^>^*tJfiSn, ^-OifcSmMfBS i 0214 3«f KflMEU^;* hMPgBl 8 A\Z 
MfoLT*<DT<DS i NCH12 7$gffl-r5HP^M$n5. £ £ f:ijifif2Bai£n 
fcS i NCH12 7 ZFy^JLy^ytf-TZZtlZ^K), MfBS i NCH12 7*Ktt, 
H8Bl^-r<fc"5CM3B^^^hren«l 8 Ald^LTHtflH^^^l 6 £Rffi-T£ 
HPg&2 7A*tMSn5. 
[0 0 9 1] 

138 BOMTte. $e,(cMIBS i 0214 3_tl~, MfE#JlBB*SUijg'f KJ&J&Lfc^BB 
IMIfcjtfJ&Lifcl^* hWPSPl 9 A^t5l/^7 hll 9#t, 10214 3$ 

•tilTSJ;5fc:^fcSnT*5tK HI8 COXgH*5^TMf2»mL,feS i0 2l4 3^, 

mmuvxhmi 9%-?7>t7\z\!7-(jLy?->7?z>z.}i\z£r). mzznzo ^<Dmm 

I2S i NCH12 7^1-^>^hv/^btffflb, 8 C ll^1-<t 5 C, 

huibs i 0214 3 4>tc«, mmuitxhmnffii 9 A\zttfovfcmnffi4 mm 

S iNCH!2 7 ^gffiT-2)ctatC^$tl-5o 
[0 0 9 2] 

08 CCDIgTte, HUffiS i 0214 30K7-fX7f>yt^t:, M 12 IS P SB 2 7 A 

(c43^TBuss«r^^iitiKi 6<DK^-rx^>^*)iiff u ^o^, mibs^^i 

Wte^Pg|52 7 AtC^LfcHPg&l 6 A^M^tl^. ClcDXgTti, ffflBS 
i NCHi2 7#V\— K^X^tLT&frtl^o tufH^ PgB 1 6 AK&^Tte S iNCH 

[0 0 9 3] 

fciZ* EI8 D<DJLmz#^TmZMnffi4 3 AH&^T^ffi S iNCHl!il2 7& 

J;t/mlH2llPg|$l 6 AtC^oV^TRaibTV^S i NCH12 5 £ K ^-f X^^>^fCj; 0 

i&£u MpBphpbB4 3 Aiz^xmmmmmi 6*. s/iMrapg&i 6a(c*5v^t® 
mrnmrn 1 4 zminTz. 

[0 0 9 4] 

$<=>t::HI8 E(DXig^43^THffSB^P^4 3 AfC*5ViT@ttSbTV^^P B 1l6Wl 6*5=t 

^Husa^p^i 6 A\z&^TmttiisT^z>mfflmmmi 4^F^-rx^^>^^ c fco^s 
^mmmizttfoLtzmntfti 6b&, ^.tzmtzmmmmmi A^izmtzuvx bmn^i 

4A\zMfoLfz. ttzttl&tfLVtz^uy? 2 hfr-MzMfolstcmnffil 4A$Mt 

3. 

[0 0 9 5] 

$6{CBI8 E©ijglIl5^Ti{BLfcS i NCH12 7, 2 5&£tf2 3 ^HSU, Mf2 
HHPgBl 6 A&cfctfl 4A£Cu^0^#:Jl{C<£O3fc*T&;i<fct;:=kD, 5fet3|SI6 FTI^ 

[0 0 9 6] 
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^nwjK&^Tfc, mibs 1 nchj^2 3, 25, 2 7 nmm^itmmmii. mntc 
®m&, tszizmtifzF^^jLy^yynmcDm* cu\ztt-rz>mnfz&mf$mttm&£ 
M&^v-?nffim&&mtii>. z\<Dfc#>*&w<Ds i nchjk«, si¥^gso# 

[0 0 9 7] 

wtBs i i±\zm$zmmm?&mo£?izM&Lt<ntz.mmm5 2 Mta^ 
15 2±\zMf8.2tifzmims<Dffiu^?->5 3 At. mmmmms 2±izm$zmm^ 
?->5 3 Azmo£?izM!$.tsnfcmrBmfmm5 3t, MtsiSF^ife^s 3±k^/&£ 

nfcl2il©i2i/^->5 4Ai, 5 3 J:tCjWf2gBI$/^-> 5 4 A 

>I5 5 fCck Dlfontl^. 

[0 0 9 8] 

01 oti. wta^b^r-r*A°^->^-->3 >15 5 <DM&am**<-r 0 

[0 0 9 9] 

ia i o &mm-rz>\z. mm^m^mms oitx^y^i iz^xmmmmmmms 4&m 
fczntzm&'vx\£>n--?-mw*izmxtsn. mtimmmm^s 40^1;, mm/^ 

7->^-v3>l5 5t:MUT, mz.itffi.f&& ( (S i H 2 NH) n > ntel£Lkc7)^ 
$C) otiy7lf>^ft®^e>3-hlWn. ITU dcD<fc 

^tcLT^$nfextf>3-hm^ 100 0 csiT<DMm~?'<-?mm-rz>z\£\z£r) 

[0 10 0] 

rzfzL, mi Q(DXTy7i<DxmxM&2nrcmk*imm\z~mzo&t;tsz\£fim 

tt6n?\ *H»jT«X^«y^ p 2<Z)X@{3*3ViTHiffB¥##:S©5 0 £#J*.k£lH 2 ©:/ 
7X7C VDgmOi^^y^X^^S^gfffC^Ab, NH 3 , N2, H2&£\ N£ 

T-T 3 =t D t> iW \z x r- >v 7 2 (D y 5 X^#US -5 o 
[0 1 0 1 ] 

^^5^7X-7H©^, mm^t^r^mm5 5\tS iNCH^S^liS iONCHT? 
[0 10 2] 

mmt^^y^i <Dj:m<D'&, n 2mmm.*iz&^TmMm&i7o z\t\z£r) . mmvm 
mt / r-<mwk*mz>z.£fr~T:%z>i)\ ^^^x^t«^®o+^m{c4 o o° c^mx 

[0 10 3] *' 

3. *^^^7X7^I}i, 0iJA«NH3<i:S i H 4 £ ^^X^tfTJC^V^ 
£3 5 0° C\XT\ZWLl£V. ^7X7/^7-^ 1 0 0 ~ 1 0 0 0 WgSCl^UT^ffl" 
&CDrtW£l^o WIBT'^X^ScD^frU, 15 5 4>c7)OHS^4>U N<D|S-£rtt*l 
lNtZ>£o\zmfe-tZ><D-hm& LVi„ 
[0 10 4] 

DfcBtf^^ff ^n^i^^, xt^:/i co^-^ifg^ 1 o o° c^TcDta^^^^TfT 

•3.TV^. ^^7,7^^^1*3 c fc^X7^yy2(DXiS« t UMLTfT 
. &m^(D&mmw\z&r)'i=To<ni)W%L\s\,^ 
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[0 10 5] 

2^^tf#BaM t f f'^ViTflOE^^y^OHft^iaxS*, 4 0 0° C^JKDMSTffT? 
[0 10 6] 

[0 10 7] 

im i ] i njfi^jT^ns^'^XTc vDgt©M^t0-c*5. 

[02 a] *f8^©mi^MWTftfcns^r«i>'7if>.^&w , r-5#«s ut&yjom 

3 a] ^MWT^6n.s^b^*iK©«ijfio-^j*^«iS0T*s 



[0 3 B] *^W©^l^M09T^Sns^ky^*KO«B©-W*^"r»ElSBIT»S 

[04 B] *%w(Dm2%Mm\z&z¥MW&woM&^n*^?m-T?$>2>. 

[0 4D] *»WO^2|gil50i|^<kS¥##gH<O8gjfiXS&^ , r0 , r*S- 

[04 e] *%w<Dm 2 ^as«^ <fcs¥i»^H©«jgis^-rBi'r»s. 
[04 f] *ftw<Dm2^mm\z&z*mwmm(Dmm.jLn*mrm'e$>2>o 

[0 5 A] #5691031 3 mfiWfc«fcS4 £ »#S«©®jfiXg&^*rBI , r**. 

[0 5B] ^jgwoma^wc^s^^iHoWjfixiis^-rHT?**. 
[0 5c] *mAo&3mmm\z£z¥mfcmm<Dmmj:m&*-rm'e&2>o 

[0 5D] *«^©Sl3||Jfifi«|t«ka^##:g«<OagjfiXfl*^-rHT*S. 
[0 5 E] *fg0^O^3HM^Jf'=t^¥##:SSO®itX@^^T01f«>^o 

[0 6 a] *Rw<Dm4mnM\z£&¥mi£mw<DMmj:n&*Tm'e$>Zo 

[0 6 B] *56W<0^4^«fr«fca#»#:g|lO«jfiXie*^-rHT*S. 

[0 6 c] *%w<D?&4mMM\z&z¥mfcmw<Dm&j:m&*-rm'z$>z> e 

[0 6D] *^SW©^4ll3!i(g«^«k5¥##SiS©8ljgxe*^-rBIT*s. 

[06 e] *mn<Dm4mMM\zj:&¥mfcmw<Dmmj:m&^-rm-e$>z>o 

[0 7 A] *»W©^5IIJ(S«^<kS¥##SiH©jHjfiXSS^-r0 , Tf*S. 
[0 7 B] *»W©^5llJSfflfc«t5^2»#SHO«igXgS^'r0T*S. 

[07 c] *m$<D%5^i&m\z&&¥m&mw<DmfeTM*^w?$>z>o 

[0 7D] *56WO»5IU(fi«»l^«J:S¥9l#SBOS!iixaS^-r0T*«. 

[07 e] *mno^5^mm\z&%¥mfo&w<DmmjLn&^irm~Q$>z>o 

[0 8 A] *%W(Dm 6 ^JfiWJCfcS^^fifiOSIjfiXli^-rHT?**. 
[0 8 B] ^fgnjo^6«0iJ{wct^¥^<*:^@<O»iitXg^^-r0-C*^>o 
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H8 c] *ftw<D$&6mMM\z&z*m&mw<DMfej:m&^-rm-z&z>o 

m 8 D] *5£W<Dm 6 lilM^JK J;3¥^#i£B<2$3^III£^T0T&£, 

mi 
mi 
m i 
m i 
m i 
m i 
m i 



t£*<D¥S#5£gO§^I@£^0T&3o 



1 B] 
1C] 
ID] 
1 E] 
IF] 

0,5 1 S 

1 cvDm 

2 %mm 

2 A, 5 3 A, 

2 b mmm 



10 



5 4A fi»/^-> 



5 4 SFellfe^ 
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4 1,42 l^^X 

2 9 A, 4 1 A, 4 2A 1/:/^ h Hf§Pg& 



3, 15, 17, 4 3 

4, 1 6, 5 2, 5 3, 

4 A, 1 6 A, 2 5 A, 
8, 19, 2 8, 2 9, 
8 A, 1 9 A, 2 8 A, 
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3, 2 5, 2 7 S i NCHl7f>^X b y 

5 rtyzsl—i/aym 
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DESCRIPTION 



LQW-DISLECTRIC SILICON HI TRIPS PILH AND METHOD OF 
FORMING THE SAME, SEMICONDOCTOR DEVICE AND 
5 FABRICATION PROCESS THEREOF 

TECHNICAL FIELD 

The present invention generally relates to 
semiconductor devices and more particularly to a 

10 ' semiconductor device having a low- dielectric 

insulation film and fabrication process thereof. 

With advancement In the art of device 
miniaturization, recent leading-edge semiconductor 
integrated circuits include enormous number of 

15 semiconductor device elements therein. In such large- 
scale semiconductor integrated circuits, it is not 
sufficient to use a single interconnection layer for 
interconnecting the semiconductor device elements 
therein, and thus, it is generally practiced to 

20 provide a multilayer interconnection structure, in 
which a plurality of interconnection layers are 
stacked with each other with interlayer insulation 
films interposed therebetween, for interconnecting 
the semiconductor device elements . 

25 Particularly, extensive investigations are 

being made on the process of forming a multilayer 
interconnection structure by using a dual damascene 
process. In a dual damascene process, interconnection 
grooves and contact holes are formed in advance in an 

30 interlayer insulation film and the interconnection 
grooves and the contact holes thus formed are filled 
by a conducting material. In such a dual damascene 
process, the role of the insulation film that is 
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provided in the multilayer interconnection structure 
a e an etching stopper and simultaneously as a metal 
diffusion barrier is extremely important. 

While there are various modifications in 
the art of dual damascene process, FTGS.11A - 11F 
show a typical conventional method of Corning a 
multilayer interconnection structure that uses a dual 

10 damascene process. 

Referring to FIG.11A, a Si substrate 10 is 
covered by an interlayer . insulation film 11 of a CVD- 
SiOi film, and the liJt», and an interconnection 
pattern 12A is formed on the interlayer insulation 

is film 11. The si substrate 10 carries thereon various 
semiconductor device elements such as MOS transistors 
not illustrated. 

The interconnection pattern 12A is embedded 
in a next interlayer insulation film 12B formed on 

20 the interlayer insulation film 11 £.o form an 

interconnection layer 12, -wherein the interconnection 
layer 12 is covered by an etching stopper film 13 
such as an SIN film. The etching stopper film 13 is 
further covered by a next interlayer Insulation film 

25 14. 

In the step of FIG.ilA, a resist pattern 18 
is formed on the Interlayer insulation film 14 by a 
photolithographic process such that the resist 
pattern 18 has an opening 18 A corresponding, to a 
30 contact hole to be formed, and the interlayer 
insulation film 14 is removed by a dry etching 
process while using the resist pattern 18 as a mask. 
As a result of the dry etching process, there is 
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formed an opening 14A in the interlayer insulation 
film 14 in correspondence to the contact hole to be 
formed. 

Next, in the atep of FIG.11B, the resist 
5 pattern 18 is removed and a resist film 19 la formed 
on the structure of PIG.11B in the step of PIG. 11c ao 
as to fill the contact hole 14A. By patterning the 
resist film 19 thus formed by a lithographic process, 
a resist opening 19A ia formed in the resist film 19 
10 in correspondence to the interconnection pattern to 
be formed. 

Next, in the step of FIG. 1 ID, the exposed 
part of the inter layer insulation film 14 exposed at 
the resist opening 19A is patterned by a dry etching 

is process while using the resist film 19 as a mask. 
Thereafter, the resist film 19 is removed. As a 
result of such a patterning process, an opening 14B 
is formed in the interlayer insulation film 14 in 
correspondence to the desired interconnection groove 

20 in addition to the contact hole 14 A. 

Next, in the step of FIG. lis, the etching 
stopper film 13 is removed by a dry etching process 
that uses an RIB process, and the interconnection 
pattern 12A is exposed. 

25 Next, in the step of FIG. IIP, the 

interconnection groove 14B and the opening 14A are 
filled by a conductive film of Al or Cu- By applying 
a chemical mechanical polishing (CMP) process to the 
structure thus obtained, an Interconnection pattern 

30 20 is obtained in electric connection with the 

interconnection pattern 12A by the contact hole 14A. 

By repeating the foregoing process steps, 
it is possible to form third and forth 
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interconnection patterns . 

In such multilayer interconnection 
structure for use in a semiconductor device, it is 
important to use a low-dielectric Insulation film for 
3 the interlayer insulation films 12 and 14 so as to 
reduce the stray capacitance of the multilayer 
Interconnection structure.- By reducing the stray 
capacitance , the operational speed of the 
semiconductor device is improved. Thus, various 

10 attempts have been made to use a low-dielectric 

material for the intorlayer insulation film 12 or 14, 
such as F-doped Si(>2 film (SiOP film) , organic Si 
insulation film (SiOCH film) , and the like. By using 
an organic Si insulation film, in particular, it is 

15 possible to realize a specific dielectric constant of 
3.0 or less. 

In such a process of forming a multilayer 
interconnection structure by a dual damascene process, 
the role of the etching stopper film 13 is important 

20 as noted previously. Conventionally, a SiM film, 

which shows a large etching selectivity with regard 
to the interlayer insulation film 14, Is used 
extensively for this purpose. In the art of dual 
damascene process, the etching stopper film 13 is not 

25 only required to have a large etching selectivity but 
also to act as an effective barrier against diffusion 
of metals such a a Cu that constitute the 
interconnection pattern. Further, the etching stopper 
film is required to have excellent adhesion with 

30 regard to the interconnection pattern and further to 
the interlayer insulation film. In addition, the 
etching stopper film is required to have excellent 
resistance against plasma ashing process or wet 
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etching process. It is known that an SiN film 
functions as an efficient diffusion barrier. 

Conventionally, an SiN film has been formed 
easily by a plasma cvn process. On the other hand, an 
5 SiN film thus formed has a large dielectric constant 
of 7 - 8. Thus, the effect the stray capacitance 
reduction achieved in the multilayer interconnection 
structure by the use of low-dielectric insulation 
film for the interlayer insulation films 12 and 14 is 
10 substantially cancelled out by the use of the SiN 
etching stopper film 13. 

DISCLOSURE OF THE INVENTION - 

Accordingly, it is a general object of the 
is present invention to provide a novel and useful 

semiconductor device and fabrication process thereof 
wherein the foregoing problems are eliminated. 

Another and more specific object of the 
present invention is to provide a low-dielectric 
20 nitride film and fabrication process thereof. 

Another object of the present invention is 
to provide a method of forming a multilayer 
interconnection structure that uses a low-dielectric 
silicon nitride film. 
25 Another object of the present invention is 

to provide a semiconductor device having a low- 
dielectric silicon nitride film. 

Another object of the present invention is 
to 'provide a method of- forming a silicon nitride film, 
3o comprising the steps of: 

introducing. a substrate in a reaction 

chamber; 

supplying an organic Si compound having an 
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organic .silazane bond therein Into said processing 
chamber as a gaseous source; 

depositing an SiNCH film containing Si, N , 
C and H as primary constituent elements on a surface 
5 of said substrate from said gaseous source by a CVD 
process . 

According to the present invention, it 
becomes possible to form a low-dons ity SINCH film (a 
film containing Si, V, C and H as primary or major 

10 constituent elements) by the CVD process that uses 

the organic Si compound containing therein an organic 
silazane bond as the source material. The low-density 
SiNCH film thus formed is characterized by a low- 
dielectric constant and has excellent adhesion with 

is respect to an underlying layer. The low-density SiNCH 
film further functions as an efficient diffusion 
barrier against metal atoms such as Cu. The low- 
density SINCH film shows excellent resistance against 
plasma ashing process, dry etching process or wet 

zo etching process. 

In the present invention, it is preferable 
that the organic Si compound has a structural formula 
of (SiRiUNRa, (SiRiNRjl „ or (SiRi (NRx) i.i) a , wherein n 
is an integer of 1 or more and each of Ri and R 2 may 

25 be hydrogen or a group selected from an slkyl group 
such as methyl group, a cyclic hydrocarbon group such 
as a phenol group or a vinyl group. It is preferable 
to carry out the CVD process such that the silazane 
bond in the organic Si compound is substantially 

30 preserved in the SiNCH film. By using a compound 

having the structural formula of {SiRi)»NRt, (SiR l NR l ), 
or (SiRi tNR 2 ) n) (Rj and Rj being hydrogen or a group 
selected from an alkyl group such as methyl group, a 
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cyclic hydrocarbon group such as a phenol group or a 
vinyl group, n being an integer of 1 or more) . the 
organic silazane bond in the source compound is 
preserved in the SiNCH film during the CVD process, 
s and the SiNCH film shows a reduced density. 

Preferably, the CVD process for depositing 
the SiNCH film includes a plasma polymerization 
process of the organic Si compound. It is further 
preferable that the plasma polymerization process is 

10 conducted under a plasma power in which the silazane 
bond in the organic Si compound is preserved 
substantially in the SINCH film. By doing so, the 
density and specific dielectric constant of the SiNCH 
film is reduced effectively. In the case the step of 

15 depositing the SiNCH film is conducted by a pyxolytlc. 
polymerization process of the organic Si compound, it 
is necessary to set the temperature such that the 
organic silazane bond In the organic Si compound is 
substantially preserved in the deposited SiNCH film. 

20 in the present invention, the SiNCH film 

may be deposited by an alternative process of adding 
an additional gaseous source containing N such as Nj 
or NHj to the foregoing organic Si compound, forming 
plasma of the additional gaseous source, and 

25 supplying the plasma into the reaction chamber. 
According to such a process, only a small plasma 
power is provided to the organic source compound and 
the organic silazane structure in the organic Si 
compound is preserved in the silicon nitride film. 

30 in the present invention, it is also 

possible to form a silicon oxynltride film of SiONCH 
system that contains oxygen, which may be released 
from the source material or a subsidiary source 
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material. When the content of oxygen in the film la 
404 or less, the silicon oxynltride film ahowa a 
property similar to that of the ail icon nitride film 
explained before. 
5 Another object of the present invention la 

to provide a method of fabricating a semiconductor 
device, comprising the steps of: 

forming an etching stopper film on a 

substrate; 

10 depositing an interlayer insulation film on 

said, etching stopper film; 

patterning said interlayer insulation film 
to form an opening; 

etching said Interlayer insulation film to 
is form a depression in said interlayer insulation film 
in correspondence to said opening; and 

etching said etching stopper film 
selectively from said opening by an etching process, 

said step of depositing aaid etching 
20 stopper film comprising the steps of; 

introducing said substrate into a reaction 
chamber of a processing apparatus; 

supplying an organic Si compound containing 
an organic silazane bond therein into said reaction 
25 chamber aa a gaseous source; and 

depositing an SiNCH film in aald processing 
chamber on a surface of said substrate from aaid 
organic Si compound by a CVD process as said etching 
stopper film. 

30 According to the present invention, a SiNCH 

film formed by a CVD process from a source material 
of an organic Si compound containing therein an 
organic silazane bond is used as silicon nitride 
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etching stopper when forming a multilayer 
interconnection structure by a dual damascene process. 
The silicon nitride film thus formed preserves 
therein the organic sllazane bond in the source 
5 material, wherein the organic silaxene bond includes 
a hydrocarbon group therein. Thus,- the silicon 
nitride film thus formed is characterised by a lot* 
density and is has a characteristically low 
dielectric constant. By using such a low-dielectric 

io silicon nitride film for the etching stopper, the 
stray capacitance of the multilayer interconnection 
structure* is reduced substantially and the 
operational speed of the semiconductor device is 
improved accordingly ^ The low-dielectric silicon 

is nitride film thus formed has a further advantageous 
feature of excellent etching resistance, and thus, 
the law-dielectric silicon nitride film can be used 
as an effective etching stopper film or hard mask 
film in the dry etching process during the dual 

20 damascene process. 

In the present invention, too, it is 
preferable that the organic Si compound has a 
structural formula of (SiRiJ^KRj, (SIRlKRj) • or 
■ (SiRi (NR 3 ) i.$)a* wherein n is an integer of 1 or more 

23 and each of Ri and R2 may be hydrogen or a group 

selected from an alScyl group such as methyl group, a 
cyclic hydrocarbon group such as a phenol group, or a 
vinyl group. It is preferable to carry out the CVD 
process such that the sllatcano bond in the organic Si 

30 compound is substantially preserved in the SiNCH film. 
By using a compound having the structural formula of 
<SiR,) K NRj. (SiRiNRz),, or {SiRi (NRj) 1.5) n (Ri and R* 
being hydrogen or a group selected from an alkyl 
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group such as methyl group, a cyclic hydrocarbon 
group such as a phenol group or a vinyl group, n 
being an Integer of 1 or more) , the organic silazane 
bond in the source compound is reserved In the SiMCH 
s film during the CVD process, and the SiNCH film shows 
o reduced density. 

Preferably, the CVD process for depositing 1 
the SINCH film inoludes a plasma polymerization 
process of the organic Si compound. It is further 

10 preferable that the plasma polymerization process is 
conducted under a plasma power in which the silazane 
bond in the organic Si compound is preserved 
substantially in the SiNCH film. By doing so, the 
density and specific dielectric constant of the SiNCH 

15 film is reduced effectively. In the case the step of 
depositing the SiNCH film is conducted by a pyrolytic 
polymerization process of the organic Si compound, it 
is necessary to set the temperature such that the 
organic silazane bond in the organic Si compound is 

20 substantially preserved in the deposited SINCH film. 

In the present invention, the SiNCH film 
may be deposited by an alternative process of adding 
an additional gaseous source containing N such as N t 
or NH> to the foregoing organic Si compound, forming 

25 plasma of the additional gaseous source, and 

supplying the plasma Id to the reaction chamber. 
According to such a process, only a small plasma 
power is provided to the organic source compound and 
the organic silazane structure in the organic Si 

30 compound is preserved in the silicon nitride film. 

In the present invention, it is also 
possible to apply a process for depositing a 
conductor layer on the interlayer insulation film so 
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a a to fill the depression via the opening and for 
removing the part of the conductor layer locating 
above the interlayer insulation film by a chemical 
mechanical polishing process. Thereby, it is 
s preferable that the conductor layer is formed of Cu. 
As the silicon nitride film functions as on efficient 
diffusion barrier against Cu, such a structure can 
effectively suppress the diffusion of Cu from the Cu 
layer to the adjacent inter layer insulation film. 

10 Further, the silicon nitride etching stopper film 
thus formed has excellent leakage characteristic. 

By using an organic Insulation film or a P- 
doped 8i<h film for the lnterlayer insulation film, 
the. capacitance of the lnterlayer insulation film is 

15 decreased and the overall stray capacitance of the 
multilayer interconnection structure is reduced. By 
forming the foregoing depression so as to Include an 
interconnection groove or contact hole, various 
complex interconnection patterns can be formed. 

40 Another object of the present invention is 

to provide a silicon nitride film in a system of 
S1NCH, said silicon nitride film containing therein 
an arbitrary atomic group represented as C R H«. said 
atomic group being bonded to a Si atom. 

25 According to the present invention, the 

silicon nitride film contains therein an organic 
silaxane bond, while the organic silazane bond in 
turn contains therein a hydrocarbon group. The 
silicon nitride film of the present invention has a 

.10 characteristically low film density and associated 
feature of low dielectric constant. The atomic group 
may be any of an alkyl group, a cyclic hydrocarbon 
group or a vinyl group. The silicon nitride film of 



(34) JP 2004-507108 A 2004.3.4 



WO«2/t7J74 FCr/JV01A>706] 

- 12 - 

the present invention has an advantageous feature of 
excellent adhesion and resiatance against various 
processes such as plasma ashing process, dry etching 
process or wet etching process. The silicon nitride 
5 film further functions aa an effective diffusion 

barrier and is characterized by small leakage current. 

Another object of the present invention is 
to provide a semiconductor device, comprising: 

a substrate; and • 
io a multilayer interconnection structure 

formed on said substrate, 

said multilayer interconnection structure 
comprising an etching stopper film, an inter layer 
insulation film formed on said etching stopper film, 
is an interconnection groove formed in said interlayer 
insulation film, a contact hole formed in said 
interlayer insulation film in correspondence to said 
interconnection groove, and a conductor pattern 
filling said interconnection groove and said contact 
20 hole, 

wherein said etching stopper film comprises 
a SiNCH film and contains therein an arbitrary • atomic 
group represented aa C D H., said arbitrary atomic 
group being bonded to a Si atom. 

25 According to the present invention, the 

silicon nitride film contains therein an organic 
silazane bond, while the organic silazane bond 
contains therein a hydrocarbon group. As a result, 
the density of the silicon nitride film is reduced, 

30 and the dielectric constant is reduced accordingly, 
thus, the stray capacitance of the multilayer 
interconnection structure is reduced and the 
operational speed of the semiconductor device is 
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improved. For the atomic group, any of hydrogen, an 
alkyl group, a cyclic hydrocarbon group or a vinyl 
group can be used. The silicon nitride film of the 
present invention shows excellent adhesion and 
5 resistance against plasma aching process, dry etching 
process or vet etching process. Further, the silicon 
nitride film of the present invention functions as 
efficient diffusion barrier against diffusion of 
metal element. Further, the silicon nitride film of 

10 the present invention has an advantageous feature of 
reduced leakage current. 

Other objects and further features of the 
present invention will become apparent from the 
following detailed description when read in 

15 conjunction with the attached drawings. 

BRIEF DESCRIPTION OF TBB DRAWINGS 

FIG.l is a diagram showing the construction 
of plasma CVD apparatus used in a first embodiment of 
20 the present invention; 

FIGS. 2 A and 2B are diagrams showing 
examples of organic silazane bond used in the first 
embodiment of the present invention; 

FIGS . 3A and 3B are diagrams showing an 
25 example of a silicon nitride film structure obtained 
In the first embodiment of the present Invention; 

FIGS . 4A. - 4F are diagrams showing the 
fabrication process of a semiconductor device 
according to a second- embodiment of the present 
30 Invention; 

FIGS.5A - 5E are diagrams showing the 
fabrication process of a semiconductor device 
according to a third embodiment of the present 
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invention; 

FIGS.6A - 6E are diagrams showing the 
fabrication process of a semiconductor device 
according to a fourth embodiment of the present 
a invention; 

FIGS.7A - 7B are diagrams showing the 
fabrication process of a semiconductor device 
according to a fifth embodiment of the present 
invention ; 

10 FIGS.8A - BR are diagrams showing the 

fabrication process of a semiconductor device 
according to a sixth embodiment of the present 
invention; 

FIG. 9 is a diagram showing the construction 
15 of a semiconductor device according to a seventh 
embodiment of the present Invention ; 

FIG. 10 is a diagram showing the fabrication 
process of the semiconductbr device of the seventh 
embodiment ; 

20 FIGS.11A - 11F are diagrams .showing the 

fabrication process of a conventional a ami conductor 
device . 

BEST MODS FOR IMPLEMENTIHG THE INVENTION 

25 (FIRST EMBODIMENT) 

FIG.l shows the construction of a plasma 
CVO apparatus 30 used in a first embodiment of the 
present invention. 

Referring to FIG.l, the plasma CVD 

30 apparatus 30 includes a reaction chamber 31 evacuated 
by a pump 31C via an evacuation port 31A and a trap 
3 IB, wherein the reaction chamber 31 accommodates 
therein a stage 32 for holding a substrate 32A t.o be 
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processed. 

In the processing chamber 31, there Is 
provided a showerhead 33 so as to face the stage 32, 
wherein the showerhead 33 is supplied with a liquid 
s state organic Si source fr©» a container 34. More 

specifically, the container 34 is pressurised by a He 
gas and the liquid state organic Si source therein is 
supplied to the showerhead 33 as a first gaseous 
source via a liquid mass- flow controller 34A and a 

10 vaporizer 34B together with an Ar carrier gas that is 
supplied from a line 34C. 

Further, the showerhead 33 is supplied with 
an NH 3 gas or an N 2 gas via a line 35 as a second 
gaseous source, and plasjna excitation is caused in 

15 the first and second gaseous sources by supplying 
thereto a radio- frequency power of 450 kHz - 60 MHz 
from a radio- frequency power supply 36. 

With formation of the plasma, there occurs 
plassta-polymerization in the reaction chamber 31 as 

20 the source materials are discharged from the 

showerhead 33, and the source' materials thus supplied 
undergo plasma excitation. As a result of the plasma 
excitation, there occurs a deposition of silicon 
nitride film on the surface of the substrate 32A. 

25 in the construction of PIG. I, it should be 

noted that the pump 31C is connected to a scrubber 
unit 3 ID, and the exhaust of the pump 31C is 
discharged to the environment after being processed 
by the scrubber unit 31D. 

30 FIGS.2A and 2B show the structural formula 

of an exemplary organic Si source material held in 
the, source container 34, wherein FIG.2A shows the 
case in which 1,1.3,3,5,5,7,7- 
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octamethylcyclotetrasilazane is used for the organic 
Si source. In PIG.2A, Ri Is a methyl group while R 2 
is hydrogen. Thus, the organic SI source has a 
chemical formula of Si«CtHjBN4. In the example of 
5 FIG.2B, on the other hand, hexamethyldl silazane 
(Si?CiHi»N) is used for the organic Si source. It 
should be noted that these are representative 
examples of the organic Si source that contains 
therein organic sllazane bond. A silazane bond is a . 

10 general term used for the compounds that contain 
therein the Si-N-Si bond. An organic sllazane 
compound is derived by adding an alky! -group such as 
methyl group or ethyl group, or a cyclic hydrocarbon 
group such as phenyl group, or a vinyl group to the 

is Si-N-Si bond. 

Examples of the organic silazane- compounds 
are summarized in TABLE 1 below. 
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TABLE I 







Tri ethyl sit azane 


SIC6H17N 


Tri propyls i 1 azane 


SiC9H23N 


Tri phenyl si 1 azane 


SIC18H17 






Disilazane 


S12H7H 


Tet rams thy 1 d t s i 1 azane 


SI2C4H15N 


Hexansethy 1 d 1 a i i azane 


Si2C6Ht9N 


Hexaethy 1 d 1 s i 1 azara 


Si2C12B31H 


Hexapheny Idfsc I azana 


SI2C3SH31N 


Heotamethyldlaifazane 


Si2C7H21N 


D ipropy 1 -tetramethyl d i s i 1 zne 


SI2C10H27N 


D i -n-outy 1 -tet ranethy 1 d i s i 1 azane 


Si2C12H31N 


DI-fi-Qotyl-tetraraethyldlsi lazana 


S f 2C20H47N 






Tr i ethy f -t r i methy layclotrlsf 1 azane 


S13C9H27N3 


Hexasethy t cyo 1 otr i & II azane 


SI3C6H21N3 


Hexaethy 1 eye lotrisl 1 azane 


.SI3C12H33K3 


Hexapheny 1 eye 1 otr is i 1 azane 


Si3C36H33N3 


Octejnethyl cyclotetresM azane 


S14C8H28N4 


Octaethylcyciotetrasi 1 azane 


SI4C16H44N4 


fat r aethy 1 -tetramethv t eye lotetras 1 1 azane 


SI4C12H36N4 






Cvanoor opy 1 methy 1 cy c 1 os i I a zane 


. SiC5H10H2 






Tetraphenyt dimethyl dlsflazane 


• Sf2C26H27M 


Oiphenyl-tetranethyldUi 1 azane 


Si2C16H23N 






Tr t v i ny l-tr iroethy 1 eye lotr fall azana 


Si3C9H2tN3 


Tetraviny l-tatramethy 1 eye 1 otetras 1 1 azaM 


Si4C12H28N4 


01 v i ny 1 -tet ranathyldisU azane . 


Si2C8H19N 



30 Re forcing to FIGS. 2 A. and 2B, the foregoing 

organic Si source contains an organic aiUzane bond 
having a methyl group Me and has a composition 
represented by a general formula of ( S 1 Rt ) B NRj or 
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(SiRiNRj)ft. wherein n is an integer of 1 or more, 
while Rt and Rx have a general formula of C^ w , (in 
being an integer larger than zero) and may be any of 
hydrogen a ton, an alkyl group, a cyclic hydrocarbon 
5 group such as a phenyl group or a vinyl group. 

Using the organic Si source noted above as 
a source, deposition of a silicon nitride film was 
conducted on an 8- inch Si wafer In the cvd apparatus 
30 of FIG.l while using the Si wafer as the substrate 
10 32A. The deposition of the silicon nitride film was 
conducted at a substrate temperature of 200 - 400 *C 
while supplying a plasma power of 100 - 1000 W at the 
frequency of 27 mhe. Detailed conditions- are 
summarlted in TABLE II below. 

15 

TABLE I! 



substrate temperature 


200 - 400-C 


plasma power 


100 - 1000W/27HH3E 


chamber pressure 


13.3Pa (100 mTorr) 


organic Si source flow rare 


0.1 cc/min 


NH3 flow rate 


50 SCCM 


Ar flow rate 


200 SCCM 


vaporizer temperature 


80 - 120*C 



The silicon nitride rilm thus obtained is 
actually an SiNCS film and has a specific dielectric 
20 constant of 3.5 - 5.5. 

It should be noted that the value of the 
specific dielectric constant of the silicon nitride 
film has decreased to one-half in view of the fact 
that an ordinary plasma SiN film has a specific 
25 dielectric constant of about 7 - 8 . By using a small 
plasma power of 100 - 300 W in the foregoing 
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deposition process, the vaporized organic 31 compound 
supplied from the shower head 33 is not completely 
decomposed in the reaction chamber 31,- and the 
organic silazane bond in the organic source is 
5 substantially preserved in the silicon nitride film 
thus deposited on the Si wafer. Because the existence 
of the organic silazane bond causes a decrease of 
density in the deposited SiN film, there occurs also 
a decrease of specific dielectric constant in the 
io deposited SIN film. 

FIG.3A shows the structure of the silicon 
nitride film thus formed as observed by an FT-JR 
method , 

Referring to FIG.3A, it can be seen that 
15 the silicon nitride film thus formed preserves 

therein the hydrocarbon structure of Si-CHj or CH* 
originating from the organic silazane bond of FIG. 2 A 
or 2B, while the hydrocarbon structure io tho silicon 
nitride film reduces the density and hence the 
20 specific dielectric constant of the silicon nitride 
film. 

F1G.3A further indicates that the relative 
height of the peak corresponding to the Si-CKj bond 
with respect to the peak corresponding to the SiH- 

25 bond increases when the plasma power of 100 W is used 
as compared with the case of using the plasma power 
of 1000 W. This result clearly indicates that the 
silicon nitride film formed with the plasma power of 
100 W contains the Si-CHj bond with increased 

30 concentration as compared with the silicon nitride 

film formed with the plasma power of 1000 W. Thus, it 
is concluded that the desired decrease of the 
specific dielectric constant has been caused as a 
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reeult of the decrease of the film density In the 
deposited silicon nitride film. 

F1GS.3B shows a schematic structure of the 
silicon nitride film thus formed. 
5 Referring to PIG.3B, the silicon nitride 

film includes, in addition to the usual Si-H 
structure, the Si-Cib bond, N-H bond, Si-B bond, and 
the like that form together a network structure. The 
silicon nitride film having such a network structure 

to can be formed from the organic ailazane source while 
choosing the condition such as plasma power 
appropriately. 

It should be noted that the SiNCB film thus 
obtained shows excellent adhesion with respect to an 

is underlying film. Further, the SiNCB film shows 
excellent resistance against plasma ashing, dry 
etching and wet etching. Thus, the 6 INCH film of the 
present invention can be used successfully in a 
multilayer interconnection structure. 

20 It should be noted that TABLE II merely 

shows a typical example, and the SiNCB film of the 
present invention can be formed also by setting the 
plasma power in the range of 50 - 2000 W, the 
substrate temperature in the range* from room 

2 5 temperature to 500'C, the process pressure in the 

range of 1.33 - 1.33 fcPa (10 mTorr - 10 Torr> , or the 
supply rate of the liquid state organic Si source in 
the rage of 0.001 - 10 cc/min. 

Further, it is also possible to form the 

30 SiNCB film by a pyrolytie CVO process. For example, 
such a pyrolytie CVD process may be conducted in the 
plasma CVD apparatus 30 of FIG. 2 without energising 
the radio-frequency power supply 36. 
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In tills case, the substrate temperature is 
set higher than the substrate temperature used in the 
plasma CVD process. However, the substrate 
temperature should not exceed 600'C. Otherwise, the 
5 organic silazane bond contained in the organic Si 
source would not be preserved In the SiNCH film. 

(SECOND EMBODIMENT J 

FIQS.4A - 4F show -the fabrication process 

10 of a semiconductor device having a multilayer 

interconnection structure according to a second ■ 
embodiment of the present invention, wherein those 
parts corresponding to the parts described previously 
are designated by the same reference numerals and the 

15 description thereof will be omitted. 

FIG.4A corresponds to the step of FIG.11A 
explained before and there is formed a similar 
layered structure, except that an SiNCH film formed 
from the organic Si source of FIG. 2 A by the plasma 

2D CVD apparatus of FIG. 2 under the condition of TABLE 
II is used for an etching stopper- film in place of 
the etching stopper film 13. 

In the step of FIG.4B, the lnterlayer 
Insulation film 14 is subjected to a dry etching 

35 process while using the resist pattern 18 as a mask, 
and an opening corresponding to the resist opening 
ISA is formed in the lnterlayer insulation film 14. 
After formation of the opening, the resist pattern 18 
is removed. 

30 Next, in the s«tep of FIG.4C, a resist film 

19 is formed newly on the structure of FIG.4B, 
wherein the resist film 19 is patterned subsequently 
by a photolithographic patterning process to form a 
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resist opening 19/1 corresponding the interconnection 
pattern to be formed in the multilayer 
interconnection structure. 

Next, in the step of FJG.4D, the inter layer 
5 insulation film 14 etched away by a dry etching 

process in the part exposed by the resist opening 19A 
while using the resist film 19 as a mask, and the 
resist film 19 itself is removed thereafter. As a 
result of the foregoing dry etching process and the 

in resist removal process, the SiNCfl film 23 is exposed 
at the bottom part of the opening 14A. 

Next, in the step of PIG.4B, a dry etching 
process is applied to the structure thus obtained and 
an opening 14B is formed in the SiNCS film 23 in 

15 correspondence to the opening 14A. 

Further, in the step of FIG.4F. the 
interconnection groove thus formed by the opening 14B 
and the contact hole thus formed by the opening 14A 
are covered by a barrier metal layer (not 

20 illustrated) of Ta, TaN, Ta/TaN, TiN, WN, and the 

like and are filled subsequently by a conductor layer 
such as a Cu layer. By removing the conductor layer 
covering the interlayer insulation film 14 by a CMP 
process, a conductor pattern 20 that makes a contact 

25 with the underlying interconnection pattern 14B at 
the contact hole 14 A is obtained as represented in 
FIG.6F. 

For the interlayer insulation film 14, it 
is possible to use an inorganic low-dielectric 
30 insulation film such as a F~doped S102 film, an HSQ 

film such as an SlOH film or a porous insulation film. 
Alternatively, it is possible to use a low-dielectric 
organic insulation film such as an organic SOG film 
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or a low-dielectric organic insulation film of 
aromatic family for the interlayer insulation film 14. 
Of course, it is possible to use conventional CVD- 
Si02 films or SOG films for the interlayer insulation 
s film 14. By using a low-dielectric inorganic or 

organic insulation film for the Interlayer insulation 
film 14 in the multilayer interconnection structure, 
it becomes possible to reduce the overall dielectric 
constant of the multilayer interconnection structure 
io and the operational speed of the semiconductor device 
is improved. 

it Bhould be noted that the S1NCH film 23 
of the present embodiment has various properties such 
as excellent adhesion, excellent dry etching 

19 resistance, excellent performance as diffusion 
barrier to Cu, low leakage current, and the like, 
suitable for use in a multilayer interconnection 
structure of a high-speed semiconductor device. 

20 (THIRD EMBODIMENT) 

PI65.5A - 5E are diagrams showing the 
fabrication process of a semiconductor device 
according to a third embodiment of the' present 
invention, wherein those parts corresponding to the 
25 parts described previously are designated by the same 
reference numerals and the description thereof will 
be omitted. 

Referring to FIG.5A, the step is 
substantially identical with the step of FIG.4A 
30 explained before, except that there are further 

provided an interlayer insulation film 16 and SiNCH 
films 25 and 27. 

More specifically, the layered structure of 
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FIG.5A includes, in addition to the interloyor 
insulation film 11 formed on the Si substrate 10 and 
the interconnection layer 12 formed on the lnterlayer 
insulation film 11, the S1NCB film 23, the lnterlayer 
s Insulation film 14, the SiHCH film 25, the lnterlayer 
Insulation film 16 and the SiHCH film 27 such that 
the films 23 - 27 are stacked consecutively, and the 
resist pattern having the resist opening lflA is now 
provided on the layered structure thus formed. 

io similarly to the previous embodiment, the resist 
opening 18A corresponds to the contact hole to be 
formed in the multilayer interconnection structure. 

Next, in the step of FIG. SB, the S1NCH film 
27 is subjected to a dry etching process while using 

15 the resist, pattern 18 as a mask:, and an opening (not 
shown) is formed therein in correspondence to the 
resist opening 18A. 

The opening thus formed exposes a part of 
the underlying lnterlayer insulation film 16. and the 

20 exposed part of the lnterlayer insulation film 16 is 
subjected to a dry etching process. As a result, 
there is formed an opening in the lnterlayer 
Insulation film 16 in correspondence to the resist 
opening ISA so as to expose a part of the underlying 

25 SiNCH film 25. By applying a dry etching process to 
the SINCH film 25 thus exposed, an opening exposing 
the underlying lnterlayer insulation film 14 is 
formed in correspondence to the resist opening 18 A. 

Further, by applying a dry etching process 

30 to the inter layer insulation film 14 thus exposed, 
the opening 14A is formed in the lnterlayer 
insulation film 14 in correspondence to the resist 
opening 18A. The opening 14 A thus formed extends 
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consecutively through the SiNCK film 27, the 
interlayer Insulation film 16, the SiNCB film 25 and 
the interlayer insulation film 14 and -exposes the 
SiNCH film 23 at the bottom part thereof. 
S Next, in the step of FIG.5C, the resist 

film 18 is removed and another resist film 19 is 
formed on the structure of FIG.5B by a spin-coating 
process such that the resist film 19 fills the 
opening 14A, and the resist film 19 is subjected to a 

10 photolithographic patterning process in the step of 
FIG.5D. As a result, the resist opening 19A la formed 
in the resist film 19 in correspondence to the 
interconnection groove to be formed in the multilayer 
interconnection structure. 

15 .Next, in the step of FIG.5B, the SiNCH film 

2? is subjected to a dry etching process in the part 
exposed by the resist opening 19A while using the 
resist film 19 as a mask, and there is formed an 
opening in the SiNCH film 27 in correspondence to the. 

20 resist opening 19A such that the opening exposes the 
underlying interlayer insulation film 16. The 
interlayer insulation film 16 thus exposed is then 
applied with a dry etching process until the 
underlying SiNCH film 25 is exposed. As a result, the 

25 opening 16A is formed in the interlayer insulation 
film 16 corresponding to the Interconnection groove 
to be formed in the multilayer interconnection 
structure in correspondence to the resist opening 19A. 
Thereafter, the resist opening 19A is removed. 

30 it should be noted that the dry etching 

process that is used for forming the opening 16A 
at ops upon exposure of the SiNCB film 25 1 
The multilayer interconnection structure explained 
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previously with reference to FXG.4F is then obtained 
by removing the exposed SiNCH films 27, 25 and 23 and 
further filling the opening 16A and 14 A by a 
conductor layer such as a "Cu layer. 
* In the present embodiment, too, it is 

possible to use any of the low-dielectric inorganic 
insulation films such as a F-doped S102 film, a HSQ 
film' auch as a SiOH film or a porous film, or the 
low-dielectric organic insulation films such as an 

io organic SOG film or an organic insulation film of 

aromatic family, for the interlayer insulation films 
14 and 16., In the multilayer interconnection 
structure of the present embodiment, the overall 
dielectric constant is reduced and the operational 

is speed of the semiconductor device is improved. 

In the present embodiment, too, the SiNCH 
films 23, 25 and 27 are character lied by low specific 
dielectric constant, excellent adhesion, excellent 
dry etching resistance, excellent performance as 

20 diffusion barrier of Cu, and low leakage current. 
Thus, the SiNCH films of the present Invention are 
ideal for use in a multilayer interconnection 
structure of a high-speed semiconductor device. 

2S (FOURTH EMBODIMENT] 

FIGS.6A - 6E show the fabrication process 
of a semiconductor device according to a fourth 
embodiment of the present invention, wherein those 
parts corresponding to the parts described previously 
30 are designated by the same reference numerals and the 
description thereof will be omitted. 

Referring to FXG.6A, the step of FIG. 6 A is 
substantially identical with the step of FIG. 5A and 
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there is formed a layered body on the Si substrate 10, 
wherein the Si substrate 10 is covered with the 
inter layer insulation film 11 that carries thereon 
the interconnection pattern 12. Further, the SiNCB 
s film 23, the interlayer insulation film 14, the SiNCH 
film 25, the interlayer insulation film 16 and the 
SiNCH film 27 are stacked consecutively on the 
interconnection layer 12. In the present embodiment, 
a resist pattern 28 is provided on the multilayer 

10 interconnection structure wherein the resist pattern 
28 includes a resist opening 28A corresponding to the 
interconnection pattern to be formed in the 
multilayer interconnection structure. 

In the step of F1G.6B. the SiNCH film 27 ia 

is subjected to a dry. etching process while using the 
resist pattern 28 as a mask, and there is formed an 
opening in the SiNCH film 27 in correspondence to the . 
resist opening 28 A such that the opening thus formed 
exposes the interlayer insulation film 16 formed 

70 underneath the SiNCK film 27. The Interlayer 

insulation film 16 thus exposed is subsequently 
subjected to a dry etching process and the opening 
16A corresponding to the Interconnection groove to be 
formed is formed in the interlayer Insulation film 16 

2S in correspondence to the resist opening 28A so as to 
expose the underlying SiNCH film 25. 

Next, the resiat film 2B is removed In the 
step of FIG. 6c and a resist film 29 is formed newly 
on the structure of fig. 6b such that the resist film. 

30 29 fills the opening 16A. Further, the resist film 29 
is patterned by a photolithographic process in the 
step of FIG.6D to form a resist opening 29A in the 
resist film 29 in correspondence to the contact hole 
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to be formed in the raulti layer interconnection 
structure. 

Next, in the step of ?IG.6S, a part of the 
SiNCH film 25 exposed by the resist opening 29A is 
3 subjected to a dry etching process while using the 
resist pattern 29 as a mask, and there is formed an 
opening in the SiNCH film 25 in correspondence to the 
resist opening 29A so as to expose the underlying 
interlayer insulation film 14. Thereafter, the resist 

10 pattern 29 is removed and the interlayer insulation 
film 14 is subjected to a dry etching process while 
using the SiNCH films 27 and 25 as a hard mask. As a 
result, the opening 14A is formed in the interlayer 
insulation film 14 in correspondence to the resist 

is opening 29A and hence in correspondence to the 
contact hole of the multilayer interconnection 
structure to be' formed. 

The dry etching process for forming the 
opening 14A stops upon exposure of the SiNCH fiim 23. 

20 After this, the exposed SiNCH films 27, 25 and 23 are 
removed and the openings 16A and 14A are filled by a 
conductive layer such as a Cu layer. As a result, the 
multilayer interconnection structure explained with 
reference to FIG.6F is obtained. 

25 In the present embodiment, too, it is 

possible to uae any of the Inorganic low-dielectric 
insulation films such as a P-doped SiOi film, an HSQ 
film such as an SiOH film or a porous insulation film, 
or the organic low-dielectric insulation films such 

30 as an organic SOG film or an organic insulation filia 
of aromatic family. As a result, the multilayer 
Interconnection structure of the present embodiment 
has an advantageous feature of reduced overall 
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dielectric constant and the operational speed of the 
semiconductor device is improved substantially. 

in the present embodiment, too, the 3 INCH 
films 23, 25 and 27 are characterized by low specific 
5 dielectric constant, excellent adhesion, excellent 
dry etching resistance, excellent performance of 
diffusion barrier for Cu and low leakage current. 
Thus, the s INCH films of the present invention are 
ideal for application to a multilayer interconnection 
io structure of high-speed semiconductor devices. 

[FIFTH EMBODIMENT] 

FIG5.7A - 7B show the fabrication process 
of a semiconductor device according to a fifth 

15 embodiment of the present invention, wherein those 

parts corresponding to the parts described previously 
are designated by the same reference numerals and the 
description thereof will be omitted. 

Referring to FIG.7A, there is formed a 

20 layered structure on the Si substrate 10 similarly to 
the previous embodiments, wherein the 51 substrate 10 
carries thereon the interlayer insulation film 11, 
and the interlayer insulation film 12 carries thereon 
the interconnection layer 12. On the interconnection 

25 layer 12. the SiNCH film 23, the interlayer 

insulation film 14 and the SINCH film 25 are stacked 
consecutively, wherein the" SiNCH film 25 carries 
thereon a resist pattern having a resist opening 41A 
corresponding to the contact hole to be formed in the 

30 multilayer interconnection structure. 

The resist opening 41A exposes the SiNCH 
film 25, and thus, the SiNCH film 25 Is subjected to 
a dry etching process. As a result, there is formed 
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en opening 25A in the SiNCfl film 25 In correspondence 
to the resist opening 41A. 

Next, in the step of. FIG.7B, the interlayer 
insulation film 16 is deposited on the SiNCH film 23 
s so as to fill the opening 25A, followed by a 
deposition of the SiNCH film 27 further on the 
interlayer insulation film 16. 

Next, in the step of FIG.7C, a resist film 
42 is applied on the SiNCH film 27, wherein the 

10 resist film 42 is patterned in the step of FIG. 70 by 
a photolithographic process to form an opening 42A in 
the resist film 42 in correspondence to the 
interconnection pattern to be formed in the 
multilayer interconnection structure. 

is Next, in the step of PIG.7E, the exposed 

part of the SiNCH film 27 exposed at the opening 42a 
is subjected to* a dry etching process while using the 
resist film 42 as a mask, until the underlying 
interlayer insulation film 16 is exposed. 

20 Next, the interlayer insulation film 16 is 

subjected to a dry etching process, and the opening 
16A is formed in the interlayer insulation film 16 in 
correspondence to the foregoing resist opening 42 A, 
and hence in correspondence to the interconnection 

25 groove to be formed. It should be noted that the dry 
etching process of the interlayer insulation film 16 
stops upon exposure of the SiNCH film 25 in the part 
where the SiNCH film 2S is formed, while in the part 
where the opening 25A is formed in the film 25, the 

30 dry etching proceeds through the opening 25A into the 
underlying interlayer insulation film 14 and forms 
the opening 14A in the interlayer insulation film 14 
in correspondence to the foregoing opening 25A and 
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a multilayer interconnection, structure according to a 
sixth embodiment of the present invention that uses 
the technology of so-calied clustered hard mash, 
wherein those parts corresponding to the parts 
5 described previously are designated by the same 

reference numerals and the description thereof will 
be omitted. 

In the present embodiment, the SiNCH film 
23, the lnterlayer insulation fiim 14, the SiNCH film 

10 25, the inter layer insulation film 16 and the SiNCB 
film 2 7 are stacked consecutively, similarly to the ' 
previous embodiments. Further, an SiOj film 43 is 
formed on the SiNCH film 27 by a plasma CVD process 
or a spin-coating process, and the Sid film 43 thus 

15 formed is covered by the resist film 18 that includes 
the resist opening 18A formed in correspondence to 
the contact hole to be formed in the multilayer 
interconnection structure. The SiNCH film 27 and the 
S102 film 43 form together a clustered mask. 

20 in the step of riG.8*, a dry etching 

process is applied to the SiOi film 43 while using 
the resist film 18 as a mask, and there is formed an 
opening in the SiO* film 43 in correspondence to the 
resist opening 18A so as to expose the SiNCH film 27 

25 located underneath the SiOt film 43. Further, the 
SiNCH film 27 thus exposed is subjected to a dry 
etching process, and the opening 27A is formed in the 
SiNCH film 27. in correspondence to the resist opening 
ISA so as to expose the lnterlayer insulation film 16 

30 as represented in FIG.8B. 

In the step of FIG.8B, the resist film 19 
having the resist opening 19A in correspondence to 
the interconnection groove to be formed in the 
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multilayer Interconnection structure is formed on the 
SiOa film 43 ao as to expose the SiO« film 43, 
wherein the SiO* film 43 thus exposed is removed by a 
dry etching process in the step of FIG.8C while using 
5 the resist film 19 as a mask.. Thereby, it should be 
noted that the SiNCH film 27 functions as an etching 
stopper, and as a result, there la formed an opening 
43A in the 8102 film 43 in correspondence to the 
resist opening 19A so as to expose the SINCH film 27. 

io In the step of FXG.8C, the dry etching of 

the interlayer insulation film 16 proceeds 
simultaneously with the dry etching process of the 
S102 film 43 in the opening 27A, and as a result, the 
opening 16A corresponding to the opening 17A is 

15 formed in the multilayer interconnection structure 16. 
In this step, the SiNCH film 27 is used as a hard 
mask, in the opening 16 A, the SiNCH film 25 is 
exposed. 

Next, in the step of PIG.8D, the SiNCH film 
20 27 exposed at the opening 43A and the SiNCH film 25 
exposed at the opening 16A are removed by a dry 
etching process, and the Interlayer insulation film 
16 is exposed at the opening 43A. Similarly, the 
interlayer insulation film 14 is exposed at the 
25 opening 16A. 

Next, in the step of FIG.8E, the exposed 
part of the interlayer insulation film 16 exposed at 
the opening 43A and the exposed part of the 
Interlayer insulation film 14 exposed. at the opening 
30 16A are removed by a dry etching process, and there 
Is formed an opening 16B in the interlayer insulation 
film 16 in correspondence to the resist opening 19A, 
and hence in correspondence to the interconnection ■ 
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groove to be formed. Similarly, the opening 14a is 
formed in the interlayer insulation film 14 In 
correspondence to the resist opening 18A, and hence 
in correspondence to the contact hole to be formed, 
s Further, the exposed SiNCB films 27, 25' and 

23 are removed In the step of FIG . BE, and the 
openings 16a and 14A are filled with a conductor 
layer of Cu. Thereby, the multilayer interconnection 
structure explained with reference to FIG.6F is 
10 obtained. 

In the present embodiment, too, the SiNCB 
fiJUns 23, 25 and 27 have preferable feature of low 
specific dielectric constant, excellent adhesion, 
excellent dry etching resistance, excellent 

is performance as diffusion barrier of Cu, and low 

leakage current. Thus, the SiNCB films of the present 
invention are ideal for use in a multilayer 
interconnection structure of a high-speed 
semiconductor device. 

20 • 

(SEVENTH EMBODIMENT ] 

fig. 9 shows the construction of a 
semiconductor device 50 according to a seventh 
embodiment, of the present invention. 

25 Referring to FIG. 9, the semiconductor 

device includes a Si substrate 51 carrying active 
devices not illustrated, wherein the si substrate 51 
carries an insulation film 52 provided bo as to cover 
the active devices. On the insulation film 52, there 

30 is formed a first layer interconnection pattern 53A 
and an Interlayer insulation film 53 is formed on the 
insulation film 52 so as to cover the inter 
connection pattern 53A. Further, the Interlayer 
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insulation film 53 carries thereon a second layer 
interconnection pattern 54A and an interconnection 
pattern 54 is formed on the interlayer insulation 
film 53 so as to cover the second layer 
s interconnection pattern 54A. The surface of the 

interlayer insulation film 54 is covered by a silicon 
nitride passivation film 55. 

PIG. 10 shows the process of forming the 
silicon nitride passivation film 55. 

io Referring to FIG. 10 , the semiconductor 

device 50 is introduced into a spin coater unit in 
the step. 1 when the interlayer insulation film 54 is 
formed. Thereby , a spin coating film of an organic 
silazane compound such as the one having a 

is composition of ((SiHiNHU, n being an integer of 1 or 
more) is formed on the surface of the interlayer 
insulation film 54 in correspondence to the 
passivation film 55. In the step 1, the spin coating 
film thus formed is subjected to a baking process at 

20 a temperature of 100 *C or less for removal of 
solvents, and a stable silicon nitride film is 
obtained as a result. 

On the other hand, the silicon nitride film 
obtained in the step 1 of FIG. 10 inevitably contains 

25 oxygen, and thus, the process of the present 
invention proceeds to the step 2 in which the 
semiconductor device 50 is incorporated into a plasma 
processing apparatus such as the plasma CVD apparatus 
of PIG. 2. There, the surface of the silicon nitride 

35 film 55 is processed by a plasma gas containing NHj, 
N*, H 2 , and the like, and the oxygen in the film ie 
partially substituted with nitrogen. Thereby, the 
present embodiment carries out the plasma processing 
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of the step 2 before the polymerisation is completed 
in the spin coating film 55. 

As a result of such a plasma processing, 
the silicon nitride film 55 is converted to a film 
s having a chemical formula represented as 3 INCH or 
SiOHCH. The film thus obtained has excellent 
temperature resistance and resistance against 
chemicals. 

Conventionally, it was possible to obtain 

10 an oxynltride film by conducting a thermal processing 
after the step 1 in an N2 atmosphere. However, such a 
process for converting the film has needed a high 
temperature of 400 "C or more- Further, in spite of 
the use of such a high temperature, the conversion of 

is the film quality was not sufficient. 

In the present invention, it should be 
noted that the plasma processing of the step 2 is 
conducted before the polymerization reaction in the 
spin coating film 55 is completed. Thus, it becomes 

20 possible to achieve an effective surface modification 
reaction at low temperature. It should be noted that 
such a plasma processing may be conducted by using 
Nflj and sin* as the plasma gas at the substrate 
temperature of 3SD'C or less, while using a plasma 

25 power of 100 - 1000 W. It is preferable to set the 
plasma processing conduction such that the OH groups 
in the film S5 is decreased and the proportion of the 
N bond is increased. 

In the present embodiment,, it should be 

30 noted that the baking process of the step 1 is 

conducted at a temperature of 100 *C or less such that 
the process of the step 2 is conducted before the 
polymerization reaction is completed in the spin 
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coating film 55. Further, it is preferable to use a 
single -wafer processing apparatus such that the Step 
1 and the step 2 are conducted continuously. 

It should be noted that the process of the 
5 step 2 is by no means limited to a plasma processing 
but may be a thermal processing conducted in an 
atmosphere that contains N or B. For example, it is 
possible to carry out the thermal processing of the 
step 2 in an atmosphere containing NH 3 or N 2 and B« at 
10 the temperature of 400"C or more. 

Further, the present Invention is not 
limited to the embodiments described heretofore, but 
various variations and modifications may be made 
without departing from the scope of the invention. 

13 

INDUSTRIAL APPLICABILITY 

According to the present invention., it is 
possible to obtain a silicon nitride film of the 
SiNCH system by conducting a CVD process of an 

zo organic SL compound . that contains therein an organic 
silazane bond under the condition that the organic 
silaiane bond in the CVD source is preserved in the 
film. The silicon nitride film thus formed la 
characterized by low density and low specific 

as dielectric constant. Further, the silicon nitride 
film thus obtained has preferable features of 
excellent adhesion and etching resistance and 
performs as an effective diffusion barrier against 
metal elements such as Cu. It is possible to form a 

30 multilayer interconnection structure having a small 
stray capacitance by using the silicon nitride film 
of the present invention. 
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CLAIMS 



1 . A method of forming a silicon nitride 
film, comprising the steps of: 

introducing a subs trace into a reaction 

chamber ; 

supplying an organic Si compound having an 
organic silazane bond therein into said processing 
chamber as a gaseous source; 

depositing an SlNCH film containing Si, N, 
C and H as primary constituent elements on s surface 
of said substrate from said gaseous source by a CVD 
process. 



2. A method as claimed in claim 1, wherein 
said organic Si compound has a structural formula of 
any of <SlRi)*tJRt, {SiRiHRaU or (SiRi (HR») „, wherein 
n is an integer of 1 or . more and each of Rj. and R 2 
25 may be hydrogen or a group selected from an alkyl 
group such as methyl group, a cyclic hydrocarbon 
group such as a phenol group or a vinyl group. 



30 



3. A method as claimed in claim 1, wherein 
aaid CVTJ process is conducted such that said silazane 
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bond in said organic Si compound is substantially 
preserved in. said SiNCH film. 



4. A method as claimed in claim 1, wherein 
said step of depositing said SINCH film includes a 
plasma polymerisation process of said organic si 
10 compound. 



15 5. A method as claimed In claim 1, wherein 

said plasma, polymerization process is conducted under 
a plasma power in which said silazane bond in said 
organic Si compound is preserved substantially in 
said SiNCH film. 



6. A method as claimed in claim I, wherein 
25 said step of depositing the 3 INCH film is conducted 
by a pycolytic polymerisation process of said organic 

Si compound. 



30 



7. A method as claimed in claim 1, wherein 
said pyro lytic polymerization process is conducted at 
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a temperature set such that said organic ailazaoe 
bond in said organic Si compound ia substantially 
preserved in said deposited SiNCH film. 



8 - A method as claimed in claim I, further 
comprising the atep of supplying an additional 
10 gaseous source containing N to said organic 31 

compound, and wherein said step of depositing said 
SINCH film comprises the steps of forming plasma of 
said additional gaseous source, and supplying said 
plasma into said reaction chamber. 



9. A method of fabricating a semiconductor 
zo device, comprising the ateps of: 

forming an etching stopper film on a 

substrate; 

depositing an Interlayer insulation film on 
said etching stopper film; 
25 patterning said interlayer insulation film 

to form an opening; 

etching said Interlayer insulation film to 
form a depression in said interlayer insulation film 
in correspondence to said opening; and 
30 etching said etching stopper film 

selectively from said opening by an etching process, 

said step of depositing said etching 
stopper film comprising the ateps of: 
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introducing said substrate into a reaction 
chamber of a processing apparatus; 

supplying an organic Si compound containing 
an organic sllazane bond therein into said reaction 
5 chamber as a gaseous source; and 

depositing an SiNCH film in said processing 
chamber on a surface of said substrate from said 
organic Si compound by a CVD process as said etching 
stopper film. 



is 10. A method as claimed in claim 9, wherein 

said organic Si compound has a structural formula of 
tSiRi)«NR», iSiR^Ra),, or (SiKi (NR») ,.>) „ where n is an 
integer of 1 or more and each of Ri and Rj is 
hydrogen or a group selected from an alkyl group such 

20 as methyl group, a cyclic hydrocarbon group such as a 
phenol group, or a vinyl group. 



25 

11. A method as claimed in claim 9, wherein 
said step of depositing said SiNCH film is conducted 
such that said silazane bond in said organic Si 
compound is substantially preserved in said SiHCH 
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12. A method as claimed in data 9, wherein 
aaid step of depositing said SiHCH film includes a 
plasma polymerization process of said organic Si 
compound . 



13. A method as claimed in claim 12, 
io wherein said plasma polymerization process is 

conducted under a plasma power in which said sllazane 
bond in the organic Si compound is preserved 
substantially in said SiNCB film. 



14. A method as claimed In claim 9, wherein 
said step of depositing said SiNCH film includes a 
20 thermal polymerization process of said organic Si 
compound . 



25 

15. A method as claimed in claim 14, 
wherein said thermal polymerization process is 
conducted at a temperature such that said organic 
sllazane bond in said organic Si compound is 
so substantially preserved in said deposited SiNCB film. 
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16. A method as claimed in claim 9, further 
comprising the step of supplying an additional 
gaseous source containing N into said reaction 
chamber in addition to said organic Si compound, and 
5 wherein said step of forming said SiNCH film coprlses 
the steps of forming plasma of said additional 
gaseous source, and supplying said plasma into said 
reaction chamber. 



17. A method as claimed in claim 9, further 
comprising the steps of depositing a conductor layer 
is on said interlayer insulation film so as to fill said 
depression via said opening, and removing a part of 
said conductor: layer locating above said interlayer 
insulation film by a chemical mechanical polishing 
process . 



18. A method as claimed in claim 17, 
25 wherein said conductor layer comprises a Cu layer. 



30 19. A method as claimed in claim 9, wherein 

said interlayer insulation film comprises any of an 
organic insulation filja or an inorganic insulation 
film. 
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20. A method as claimed in claim 9, wherein 
aaid interlayer insulation film comprises any of an 
organic silicon oxide film or a r-doped SiOj film. 



21. A method as claimed in claim 9, wherein 
said depression comprises an interconnection groove 
10 and a contact hole. 



is 22. A silicon nitride film comprising Si, N, 

C and H as primary constituent elements, 

said silicon nitride film having an 
arbitrary atomic group represented as C»H», said 
atomic group being bonded to a Si atom. 



23. A silicon nitride film as claimed in 
29 claim 22, wherein said atomic group is selected from 
the group consist Sing of an alkyl group, a cyclic 
hydrocarbon group and a vinyl group. 



30 



24. A semiconductor device, comprising: 
a substrate; and 
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a multilayer Interconnection structure 
formed on said substrate, 

said multilayer interconnection structure 
comprising an etching stopper film, an inter layer 
S insulation film formed on said etching stopper film, 
an interconnection groove formed in said interlayer 
insulation film, a contact hole formed in said 
interlayer insulation film in correspondence to said 
interconnection groove, and a conductor pattern 
io filling said interconnection groove and said contact 
hole, 

wherein said etching stopper film comprises 
a SiNCH film and contains therein an arbitrary atomic 
group represented as C„B», said arbitrary atomic 
is group being bonded to a Si atom. 



20 25. A semiconductor device a 9 claimed in 

claim 24, wherein said atomic group is selected form 
the group consisting of hydrogen,- an alkyi group, a 
cyclic hydrocarbon group such as a phenyl group and a 
vinyl group. 



26. A semiconductor device as claimed in 
30 claim 24, wherein said siNCH film contains therein an 
organic a i la tone bond. 



(68) 



JP 2004-507108 A 2004.3.4 



WO P2/H174 PCT/jroiA)706I 

- 66 - 

27. A semiconductor device a» claimed in 
claim 26, whetein said SiifCB film contains therein a 
cyclic silasano bond. 



(69) 



JP 2004-507108 A 2004.3.4 



WO 02/1 7374 



PCT/JW1/0706! 



1/11 



FIG. 1 



30 



34C 



Ar | 1 , 



4S0KHZ— 60MHz 



36 



-34B 



LMF C 

34A 

,35. 



32A 



If 



71 -33 

— 31 

3- — 32 



r 



Ho 



3_ 



-31A 



318 



~31C 



-31 D 



(70) 



JP 2004-507108 A 2004.3.4 



•a 



PCT/J»IA)7061 



2/11 



T T 

Me — Si N Si- 

I 

H 



Me: no thy I gr«*> 



FI6.2A h— i 

lis — Si N SI — He 



in 



1. 1. 3.3, 5. S. 7, 7-octanQthylcylj3tetrasHflzana 
(Si;c.H„N«> 



\ ! / 

FIG. 28 y'-«-«H» 

«e file 



hoxarethr \ s I tazane (S 1 2 C 19 N) 



(71) 



JP 2004-507108 A 2004.3.4 



PCT/JP01A)70«1 




(72) 



JP 2004-507108 A 2004.3.4 



WO Ol/1 7374 



PCT/jrO 1/07061 



4/1 1 



18 



18A 



F i G. 4A I 32A | ~14 



| 12B , 1gB -H -10 



FI6.4D 



1 f 14A 

■ ■■ K>v;t 



14 

_-11 
■w10 



14A 



F1G.4B 

12-4: 



-~14 
4-23 

-11 
10 



14B 



14A 



FIG. 4E 



11 

J-10 



FIG. 4C 



Y2l 



19A 

2 



12-- 



19 



j-14 
23 

—11 
10 



FIG.4F 



20 



-14 

1-11 
-10 



(73) JP 2004-507108 A 2004 




(74) JP 2004-507108 A 2004 

WOM/IU74 PCT/JMlAWtfl 



FIG..6A 

FIG.6B 

FIG.6C 
FIG.6D 

FIG. 6E 




(75) 



JP 2004-507108 A 2004 




(76) JP 2004-507108 A 2004 



PCT/JMIWKWI 



8/11 



FIG. 8A 



FIG.8B 



FIG.8C 



F1G.8D 



FIG.8E 



16- 
14- 

12- 





43A 




(77) 



JP 2004-507108 A 2004.3.4 



WO 02/17174 



PCT/JKH/07061 



9/11 



FIG. 9 



50 



^ZZZZZZZZZZl 

a b B_s_e 



54A 



53A 



-55 
<54 

^52 



(78) 



JP 2004-507108 A 2004 



WO 02/1 TJ?4 PCT/JPOlA)70tfl 



10/U 



FIG.10 



( START ) 







CO ATE R & LOVY-T 8AXE 






PLASMA OR PYRO LYTIC 
MODIFICATION 



( ENP ) 



(79) 



JP 2004-507108 A 2004.3.4 



PCT/JFOINWI 



11/11 



FIG.11A 



18A 18 



RELATED ^ i 

art 12-4 A E2ZZ 



12A .^.14 



2- 



12B 125 4-10 



FIG. 11D 148, 



RELATED 
ART 



14A 

OS 



rV//T 



14 
13 
12 

—10 



FI6.11B 



RELATED 
ART 



12- 



14A 

/r- 



zezzaz 



*-14 
-13 

-11 
-10 



RELATED 
ART 




jczza: 



14 
13 
12 



Ip11 
-10 



Fianc 



RELATH) 10-v: 
ART 



19A 



IE2ZZ 



FIG.11F 



:— 13 

11 
--10 



RELATED 
ART 



20 



—14 



—12 
-10 



(80) 



JP 2004-507108 A 2004.3.4 



mma] toh¥6^24b (2002.6. 24) 
i^mmiE 1 ] 
miEMmmm^] mmm 

mxm 1 ] 

Eifom 4> *mfcm®. &m x-r z> x*g t , 

MeeS^^(343^T, WaB^^S^®^ iWtBW$SS i {b^O^tBl^^ £ > S 
i, N, C, H^^f7citt5S iNCHl§, CVDfellJ: 0 i#$ft"3~-2>X£l£: 

MBCVDi:@«mJlBWi£S i^^^oW^^^-t^^^^Wfas i NCHl^l;:^ 
W§B*ri$s Hb-&#iW:. Ri, R2^tK^. 7xy-M^ 

T, (SiRi) n NR2, (S i R l NR 2 ) n&3^« (SiRi (NR 2 ) 1. 5 

) n r-mznzmm^zm^-z z. <t ^^-r^gt^ 1 i2«o^b^--r 

MIBS i NCHM£*£*rr£XfI«> iitjlBWIiS i <b-&tl<Dy^XTM-&X@^tJ ZL t 

zftmftzmxm i SBmcD^b^--i'^o^^?£ 0 
mmm 5 ] 

HUlBS i NCH)IM£i£*rr£I*I«, MIB^S i {b^^KD^m^XS^tr^ t^^m 

trmmm 1 fBmo^b^-< ^nfiwj&^&o 

mfgBM^Xfi!^ MHBW^IS Hb^4>OW1$^1f >^#*MeBS iNCHI4>lli 

iii, mm^yx^^mmK^^iz^r^jimt^tszt^mt^^smmi 
mmjLy^>?xhv/m±\zmfflmmm&mm-rz>j:m£. 



(81) 



JP 2004-507108 A 2004.3.4 



\Z^X, 

nt, 

imxmi o] 

Mf2#t£S i ik&mz. Ri, R2*7jc^ v /^;H^:i*©7MM, 7i/-M/ci: 
<h*<D^M^7K^S. tf-;i/SctOil«n^^T^D, n^UUCltitt, (Si 
R 1 ) n N R 2 , (S1R1NR2) n&SWy; (S i R 1 CNR 2) 1. 5) nt^$ 

Mm 11] 

Rtriss iNCHi^wsisn Meatus a^m^^miy^y^tmus 
i n c hjk4> \zmn m \zm?-znz> -5 fcUff $ n <t 1 -r ^is^js 9 ts«<£>¥ 

[W^l 2]. 

Mies i NCH«IS:Jft8rr Sight, i»8HW«S Hfc^©:/^X^S^Ig£#tf;:<h 

[it Mm 1 3 ] 

mm^^x^m^nm^ mmrnms at^m^(D^m^^>^tmms inchu 
4 j tc^«w(c^#$n^cfc3^y7X^A°r7-T^ff$nsci«h*^mi:i-^g«^Jii 2 

imMmis] 

nm\z&&znz> ct -5 fts^-m^ns z\ t. zftm^TzmMm 1 4 tmo^m&mw 
mMm 16] 

unt. m$^^x^^mmKm^\z^T^j^n^^K)ti:^z\h^m^-r^m>km 
umm 1 7 ] 

[If ^JS 1 8 ] 

ttmmfcmitcuM&Qtezzt&ftmt-tmmmi imm^mw-mm^m^^ 
umm 19] 

iwi2JiF«ii{N«ktw^&s wzmmmmm£ k> &s z. t &mmtrz>mMm9%m(D¥m 
mMm2 o] 

^m<hT?)W5^9fEma)^#:gS(DM^o 
[If jfcJR 2 1] 



(82) 



JP 2004-507108 A 2004.3.4 



[i*«2 2] 



(83) 



JP 2004-507108 A 2004 



INTERNATIONAL 5ZABC1I REPORT 



PCT/JP01/07061 



A. CLASSOTCATION OP StmJBCT MATTER 

btcp bo lit 21/3 ia, ai/7«e 



VWL09 SEARCHED 



lntCT SOU 31/3ia, ai/76i 



i* CTti,U>y 



Iwmim a*gl#t*r*a utility aatel «iwtn i»M-j«oi, 



C. DOCUMENTS CONSIDERED TO BE RELEVAKT 



K9 961386 Al (Applied Material*. Iao.) 

5 July, 1955(05.07.93) 

line S3, page a to line 41, page 5. rig* 2,4 
line 55, page 2 to lina 41. paga 5. Figs 2,4 
4 JP 7-106256 A 4 OS 5308067 A 4 US 5591444 A 

JV 6.244172 A<Toray Industrie*. Iao .J 
2 Septeuber,, 1994(02.05.94) 
Claims, £00091 - £0025] 
Claim*, [00091.(0025] 
(Family i none) 

VS 2001/20369 Al (MaoHeil) 

10 October. 2001(18.10.01), f0021] - [0042] 
A JP 2001-244337 A & GB 2361808 A 

6 OB 10101766 Al A CK 1309418 A 



n Fvr&cr 4ouMXXtl tn ttated fa 0» (atbdiw of Bo* C Q Sec pm* fmmJy wi 




Dun of tic *ctLaJ cjjinpitiwo <rf U*> kUeroxtiocui *arti> 

07.11.01 



20.21.01 



nuBbg vStirao of the ISX.IV 

Japan Patent Office 

*~»-3, K*»imig»icfci, Chiyod»-U, Tokyo ({XM91 5, J«f 



Aaguariwd officer 
KOICHI KXTO 
TOgAwOte, +31-3-3581-1 101 Ext. 3469 



4R 2929 



term PCT/lSAaiQ (mAd «W) (hdy tW«) 



(84) 

Si 



JP 2004-507108 A 2004.3.4 



(81) AP (CH. GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW) , EA (AM, AZ. BY, KG, KZ, MD, RU, TJ, TM) , EP (AT. BE. 

CH, CY. DE. DK, ES, Fi , FR, GB, GR. IE. IT. LU. MC. NL, PT, SE, TR) , 0A(BF. BJ, CF. CG, CI. CM. GA. GN. GQ. GW. ML. MR, NE, SN. TD, 
TG) , AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, FI , GB, GD, GE, GH. 
GM, HR, HU, ID, IL, IN, I S, JP, KE, KG, KP, KR, KZ. LC, LK, LR, LS, LT, LU, LV. MA. MD, MG, MK, MN, MW, MX. MZ, NO, NZ, PL. PT, RO, R 
U, SD. SE, SG. S I , SK, SL, T J , TM, TR, TT. TZ. UA. UG. US, UZ, VN. YU, ZA, ZW 

F^-A(##) 5F045 AA08 AB33 AC08 AC15 AC17 AD06 AD07 AD08 AE19 AF03 
BB16 DC63 DP03 EE02 EE04 EF05 EH13 EH19 
5F058 BA10 BA20 BC08 BC10 BC20 BF07 BF27 BF30 BF37 BF39 
BJ02 



